Introduction Fingolimod is an immunomodulating agent used in multiple sclerosis (MS). It is a sphingosine-1-phosphate (S1P) receptor agonist prescribed for relapsing forms of MS to delay onset of physical disability. As fingolimod is known to cause first-dose bradycardia, telemetry is recommended for the first 6 h post-dose. We present the first reported case of deliberate fingolimod overdose requiring atropine administration for bradycardia and hemodynamic instability. Case report A 33-year-old woman ingested 14 mg of fingolimod and 2 g of phenoxymethylpenicillin. After presenting to the emergency department 19 h later, she was initially hemodynamically stable (heart rate (HR) 60, blood pressure (BP) 113/89 mmHg). Two hours later, she then developed bradycardia (HR 48) and hypotension (87/57 mmHg). Despite intravenous fluids, stabilisation was only achieved after administration of atropine (300 μg). She was then admitted to the intensive care unit (ICU) for further monitoring where another episode of bradycardia and hypotension required atropine. She was monitored in the ICU for 48 h and then discharged on day 5 with no further episodes.
Introduction
Fingolimod is an oral sphingosine-1-phosphate (S1P) receptor modulator used in the treatment of relapsing forms of multiple sclerosis (MS). Fingolimod prevents lymphocyte egress from lymph nodes leading to a reduction in infiltration of autoreactive lymphocytes into the central nervous system [1] . Fingolimod is known to cause first-dose bradycardia. Experimental studies indicate that the mechanism of reduced heart rate occurs via activation of G-protein-regulated, inwardrectifying potassium (GIRK) channels in atrial myocytes, most likely via sphingosine-1-phosphate receptors [2] .
There have been two case reports on single therapeutic ingestion of fingolimod causing bradycardia at 21 and 39 h post-ingestion with the former also having an episode of asystole [3, 4] . We have described the first case of deliberate overdose with fingolimod and associated cardiovascular instability.
Case Report
A 33-year-old female with a 10-year history of MS and a 2-year history of depression presented voluntarily to the emergency department (ED) 19 h post deliberate ingestion of 28×0.5 mg fingolimod tablets and 4×500 mg phenoxymethylpenicillin tablets. The antibiotics were not her medication, and she was on no other regular medication. An ambulance was called by the ex-boyfriend, who had found the empty packets of tablets, and the history was confirmed with the patient that the overdose was taken the night before.
She was prescribed fingolimod 0.5 mg daily for her MS and citalopram 20 mg daily for her depression. She was commenced on fingolimod 16 months prior to this presentation and did not experience first-dose bradycardia or hypotension at that time. The patient voluntarily discontinued both of these medications 4 months prior to her presentation. At presentation, she was experiencing an exacerbation of MS and depression.
Examination revealed a normal conscious state, heart rate of 60 beats per minute (bpm) and blood pressure (BP) of 113/ 89 mmHg. She was euvolemic and had no signs of infection or intercurrent illness. ECG confirmed sinus rhythm with no conduction abnormalities.
Initial pathology results revealed the following: haemoglobin 126 g/L (12.6 g/dL), white cell count 2.7× Two hours post-arrival in the ED (21 h post-ingestion), her heart rate decreased to 48 bpm and her BP dropped to 87/ 57 mmHg. She was given intravenously 1,000 mL of compound sodium lactate over 30 min. Her heart rate after the infusion was 56 bpm (Fig. 1) , and her BP was 88/60 mmHg. She was then given intravenously a bolus of 300 μg of atropine (Fig. 2) . Her BP improved to 110/72 mmHg with a heart rate of 67 bpm. She was admitted to the intensive care unit (ICU) for further monitoring. She had another episode of bradycardia with hypotension (heart rate 48 bpm, BP 90/60 mmHg) 25 h post-ingestion for which she received atropine (300 μg) with good effect. Thirty-two hours post-ingestion, she had another episode of bradycardia (heart rate 48 bpm) and associated hypotension 90/ 60 mmHg. This resolved spontaneously without requiring further atropine. Her neutrophils remained low (1.4×10 9 /L) (1.4×10 3 /μL), and lymphocytes increased to 0.4×10 9 /L (0.4× 10 3 /μL) 48 h after presentation. She was discharged from the ICU after 48 h. She remained in the hospital for five more days and was evaluated by neurology and psychiatry services.
Discussion
Fingolimod is known to elicit a negative chronotropic effect on heart rate in both nonhuman trials and healthy adults but attenuates over time with continued administration [5] . Therefore, cardiac monitoring is recommended for both the first dose of fingolimod and any re-introductory dose after a medication break. Our patient had stopped taking fingolimod 4 months before her overdose. Despite not experiencing bradycardia with her first dose when originally commencing fingolimod, she had bradycardia with associated hypotension at 21 and 32 h post-exposure on this presentation. Delayed onset bradycardia has been reported with first therapeutic dosing [3, 4] . However, multiple hypotensive episodes have not been observed. These case reports did not report on blood pressure or stated it was stable. Neutropenia and lymphopenia are associated with therapeutic fingolimod administration and may be observed within days of the first dose [6] . The most Fig. 1 Twelve-lead ECG of first episode of bradycardia (56 bpm) and hypotension commonly reported side effects are nasopharyngitis, GI symptoms (nausea, vomiting, diarrhoea), and headache. Our patient had both neutropenia and lymphopenia at presentation, which stabilised after during her admission, with a neutrophil count of 1. Fingolimod is efficiently absorbed with an oral bioavailability of >90 %, and absorption is unaffected by meals with dose-proportional exposure between 0.125 and 5 mg in single and multi-dose studies [6] . Blood drug concentrations rise slowly to reach broad plateau 8 to 36 h post-administration with absolute c max reaching generally 12-16 h post-dose and may occur over a long length of the gastrointestinal tract [7] . Fingolimod is reversibly phosphorylated by sphingosine kinase to form the active moiety fingolimod-phosphate and is dephosphorylated back by sphingosine lyase and/or sphingosine phosphatase [7] . During maintenance dosing, there is a stable blood level ratio of both moieties. Volume of distribution is 1,200-1,700 L, with high plasma protein binding and slow clearance (6-8 L/h) that are both independent of dose [7] . The elimination half-life of fingolimod averages 6-9 days.
Fingolimod via the S1P receptors decreases heart rate via activation of G-protein-regulated, inward-rectifying potassium channels in atrial myocytes [5] . Fingolimod has also been shown to stimulate endothelial production of nitric oxide via the S1P3 receptor in mice and human endothelial cells and is a possible explanation for the patient's hypotension [8] . Atropine has been used in previous cases of fingolimod-associated bradycardia and suggests a vagal rate-related mechanism leading to bradycardia [4] . There have been no previous case reports on deliberate fingolimod overdose nor have there been any reports on significant hypotension secondary to therapeutic fingolimod use.
Management in this case necessitated only modest doses of atropine. In failing response to administration of atropine for hypotension, isoproterenol has been proven to attenuate bradycardia in therapeutic doses of fingolimod [9] . We postulate that it may also be useful in overdose-related hypotension and bradycardia. Activated charcoal may be helpful, preferably if given within 1 h of ingestion. With high protein binding and a large volume of distribution, enhanced elimination modalities such as hemodialysis and multi-dose activated charcoal are likely to be ineffective. For an elimination half-life of 6-9 days, prolonged cardiac monitoring may be necessary.
In this case, the patient responded to small doses of atropine. Her response to this was adequate, and aggressive A limitation of our case report is the lack of a fingolimod level. No fingolimod concentration assays were available; however, the clinical picture scores a definite adverse drug reaction by using the Naranjo algorithm [10] .
Conclusion
We report on the first case of fingolimod overdose associated with cardiovascular instability. Bradycardia occurred at 21, 25 and 32 h post-ingestion in this case and was associated with hypotension. Given the long half-life of fingolimod, cardiovascular effects may persist for greater than 24 h and require prolonged cardiac monitoring. In this case, atropine was used successfully to treat bradycardia, with concurrent resolution of hypotension.
